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TECHNICAL FIELD, 



[0002] The invention relates to combined personal devices in which the timekeeping 

components cooperate with radiation monitoring components,, whereby the watch not only 
displays time and other ^!C;,related data^ but also indicates the dosage of penetrating 
radiation to which the user is exposed^ and monitors the existing intensity of the radiation. ^ / 

BACKGROUND ART , 

] Tcxjay, many people live and work in environment that may contain dangerous , 

levels of radioactivity^ The main feature of such radiation is that it is difficult to detect using 
small -iietection devices and Jhere is a p ossibility of ji living organism to accumulate / 
hation dose. ^ Also, exceeding jin accej>tabk' accumulated dosage can lead to fatal , 
consequence^-- radiation sickness and jiereditar/ disorders. 
[0004 ] Therefore, attempts were made to provide^uman beings_withpersonal device which 

is always at hand and can indicate not only the existing intensity of penetrating radiation to 
which the wearer is exposed, but also the dosage of accumulated radiation thereof^One of , 
the first engineering solutions relating to_development of such small-size devices was^ ■ 
compact wristwatch and radiation monitor assembly^ The assembly consists of ati electronic ' 
timepiece ^yViiMn digital or analog display, and a component ^hat..operates radiation monitor , 
and contains semiconductor detector and controller... A Radiometer is built on the basis of 
microprocessor to ^ffliibi?!.?; radiation monitoring with timekeeping. , 
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[0005] Unfortunately, the 4.?33S£-<iescribed ^i^Av v . • allow long-term piecise 

monitoring of radiation.^ First, the semiconductor detector is not precise enough: it is 
responsive to other jypes of validation, for example high-frequency j^nnisisions Iroin mobile 
phones and other kinds of effects^ including mechanical effects^ On the other hand, 
semiconductor radiation detectors consume iol energy, and the user has to change power 
supply ji nits quite often. . This is why the producer uses two mdependent power supplies for , 
each component of the assembly., 
[0006] The YperwatchJ^2] wristwatch j Switzerland) is k now q^ A p atent was taken out for 

this watch in Switzerland, Japan and other countries._ The assembly consists of two 
components: an electronic timekeeper with an.analog display, where ihs h ands indicate the 
information and radiation monitor, and w hich contains semiconductor detector and 
controller._ This watch features at least two printed-circuit boards connected with each other 
by a.,flexible conductor; the mechanism responsible for turning the analog hands of the 
watch is placed injiollow .>r>,jv.c on one of the printed-circuit boards. ^ y 
[0007] The.."^ ^.^ ^ is moi c lail-safe and feasible., but ^iogs. .not solve the main problem.^. 

•^^ ' ^O' ^ radiation detector is responsive to other, nonradioactive emissions, 
mechanical and climatic effects^....};, alsv;. requires ^! high-:> -^i'. current. . It is not possible to 
eliminate this^'^ n ^ si of semiconductor detectors in certain jiisKj,; of equipment., 
[0008] The monitoring of radiation can be done by means of Geiger-Muller counter, which 

is used in individual dosimeters... However, such devices have not been used in wristwatch 
and other compact devices ^gvtil today^ because the Geiger-Muller counter requires constant 
voltage of about 400V. , 

[00091] The of ihc current invention is to use a .Geiger-Muller counter as a radiation 

detector in^yjosona] wristwatch and to ensure its fimctioning over a long period of time. A 
voltage changer^, able to change voltage from 1.5V-3V to 400V,, is needed to make the 
Geiger-Muller counter ftmction in a.wristwatch and other compact devices.,. 
[OOlfl] There is known a voltage changer containing an energy source, for example: solar 

cell or solar battery, converter of direct current into alternating current by means of a switch 
key, an electric transformer and AC/DC convertei ; The switch key ^iscontk^cls one . 
wiriding or anothei;j^and windings are made different so as to make it possible to adjust the , 
output voltage [3 ] . ^ 
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I SmSTlTUTE SPECIFICA 1 > n 

[0011] The disadvantage of the known device and its implementation method lies m 

impossibility to adjust precisely the output voltage and^elatiyeiv high emergy consumption. , 
[0012] A device for converting direct current into a high-vojtage direct current was taken as 

a prototype for voltage changing method and voltage changer itself.. The device has several 
outputs, aj>ulse converter with a_controller^ which operates electronic switches, a_step-up 
transformer with an AC/DC converter, and a_filterji where the output voltage is forwarded to 
controller through jiiylder [4] . , 
[0013] Disadvantage of the known device and its implementation method is that feedback 

I leakage jvasteg a lot of energy^ and for this reason the device fed by compact power supply ^ 
unit ^.cpjmot keep ftinctioning over a long period of time. ^ 
[0014] The object of current invention is to use Geiger-Muller counter as a radiation 

detector in^> ,\ s. - wristwatch and to ensure its functioning over a long period of time.^ 



r-svri:-\; k^- the IW'ENTION, 



[0015] This task is solved as follows: ^,JiLiii:-;..,present invention, ^a... portable watch and 

radiation monitor assembly, jiidydes ^ case, ;3._.timekeeping and time indicating unit, a 
radiation intensity measLU'ement unit, a radiation detector, a control unit (micro controller), 
a_display unit and a,jpower supply uni\, A (jciger-Muller ctumler jar:CiioiK|j_s_a radiation 
detector,, and a voltage pulse converter is corincclcd for \r:c (icigcr-Muller counter power 
supply; and the micro conlroUcr connected to the voltage changer.,. 

[0016] The problem .IS solved as loUows: „A,,Cjeiger-Muller counter is provided ^yith , 

additional switch key that is connected to tiie m icro controller and ensures measuring of 
radiation intensity in a^gating mode.., 

[0017] The problem is also solved by the fact that the watch incorporates an additional 

power supply for separate jxnverilLS of the timekeeping/displaying unit and radiation 
intensity measurement unit..^ 

[0018] Additionally^ a Geiger-Muller counter actuation pulse formei;. includes an mpiit tliJt 

s ^ >. v-^v V> th^ low-voltage side of the power supply filter capacitor of the Geiger- 
Muller counter, and its^^^tpiit is comected t^^ 
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[0019] The o.:i?ai-.\Vl' vc of the invention is achieved also by installing rillcr-rcclilicr applying a 

reference voltage from secondly coil tap of the transformer to the cathode of the Geiger- 
MuUer counter. , 

] The j^biective is achieved also by the following: in known method of converting a 

low voltage into high constant voltage pv converting of direct current into pulse current by 
means of electronic switch key, the rise of impulse voltage up to ^ predetermined value js 
'^iLby means of step-up transformer, with the subsequent rectification, stabilization 
and filtering of the achieved impulse voltag e,. In the present invention^ the return impulse 
voltage at primary winding is being compared with the predetermined value when the 
switch key opens and ihe switch key controls impulse frequency 1}y3t,is^^^^ depending 
on - vc : shooting of the return impulse voltage at primary winding oyer predetermined valuq^. 
IiK..switch key control impulses come from the m icro controller and an additional switch 
key control impulse is sent when the signal from the Geiger-MuUer counter is received.^ 
[0021] J:]LS.i?biectiye is achieved also as far as the return impulse voltage at primary 

winding is being compared with the predetermined value by^i threshold element.,. 
[0022] ' " ^0,^ ^ of the invention is achieved also by the following innovation: , ! 

Breseiit.invention, in the known compact voltage changer, preferably for portable tmiepieces 
and devices, containing direct voltage source, a. ..unipolar transistor ^ty.sctions a.:L..a 
disconnecting piece,, .a, step-up translbrmer, micro controller, rectifier and filter of the 
output voltage, sij:iO,tlie toeshqld elemra^^^^ is connected 

to the micro controller while the m icro controller data bus is connected to the_unipolar 
transistor base, y 

[0023] A new technical result was achieved after solving this problem: utilization ot the 

Geiger-Muller counter in the above mentioned device increased its measurement precision. 
This device can be used not only for everyday purposes, but also as a .gtandardized 
measuring device., Applying of the Geiger-MuUCT coimter together with compact voltage 
changer controlled by the m icro controller according to pulse-frequency ^idiSlM-^llows to 
jiubstiint^aJly reduce; curreirt consumption and to^tod the functioning period of the device 
fed by one power supply jouxce up to one year., 
[002^] Additionally, providing the Geiger-Muller detector with additional switch key 

allows measuring of the radiation intensity not all the time, but only when the additional 
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[002: 



[002fi|] 
[002' 
[00281] 
[0029] 



[00301 
[0031] 



switch key is opened in a.gating mode. ,.llie. Geiger-MuUer counter is enabled periodically,, 
and switches ofF^fter receiving tibe signal^ signal trom the Geiger-MuUer counter 
llQljeceived, the counter ^oes not switch off during the following time4)eriodi„ Sum of 
periods of time starting from enabling the counter and endmg at receiving of the signal per 
unit of time permits to calculate aprecise average radiation level. This technique makes it 
possible to reduce electric energy consumption by 80% during high radiation dose.,j\iso, to 
return the Geiger-MuUer counter jo a wait state at some point -n t ime is needed to stop the 
ionization, otherwise a high nonlinearity appears at high signal levels. Thus, switching the 
counter off for a certain pal of the period permits to extend the measurement range and to 
increase measurement precision in different measurement ranges.,^ 

Applying Jihe new method of converting direct voltage into stabilized hi^h direct 
voltage together with appljdng of the Geiger-MuUer counter as a secondary winding load of 
the transformer helps to solve the pioblenis of tiie convexitiotial ^xit. 

BRIEF DESCRIPTION OF THE A L TACHED FIGURES , 
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The invention is illustrated by v v\ .•^t:^figures., 
FIG. 1— general view of the assembly., 
FIG. 2— functional ^chciriallv o f the assembly. 

FlCi. 3--runcli()nal^v:ljuj;a^^^^^^ of the assembly with extended measurement range 
ional switch key on Ihc (vNgcijMiAikl detector).^ 
FlCi. 5— principle circuit of the assembly with a, simplified principle of operation. , 
FKi. 6--principle circuit of the assembly with a_simplified principle of operation but 
with different signal pickup compared to FIG. 5.^ 

DETAILED DESCRIPTION OF EMBODIMENl^S OF TEE INVENl^lON 

A portable watch with radiation meter and compact voltage changer jnciudes 
framework 1 of the device^ with placed on jhc frairigwork 1 under glass (not shown) a 
clock-face 2 having different sections for displajdng different alphanumerical and analog 
information^ Thus, section 3 displays numerical information and operating mode of the 
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device. Section 4 displays accumulated radiation dose, the intensity of the radiation is 
displayed on pseudo-analog scale in section 5^ Hands 6 of the clockwork 7 are constantly ^ 
indicating time^Buttons 8 manipulate the watch. 
] The device jxicludes the following ftmctional units.„ The whole device is operated by . 

micro controller 9 (MC), which operates switch keys 10 (SK) and 11 (SKI), as well as 
sound signaling device 12 (SSD) and infra-red transceiver 13 (IR) providing 
communication between the device and computer (not shown). ^ 

Also the , micro controller 9 receives signals from threshold device 14 (TH) and 
signals from the Geiger-MuUer counter 16 (GC) that pass through a_pulse former 15 (PF). 
The switch key 10 is placed in the winding of transformer 17 (TR).^e latter is connected 
to ajhreshold device 14 and to a r ectifier with filter 18 (RF)^ Voltage from the latter is 
passed to the Geiger-MuUer counter 16._, The device has a_power supply unit 19 (PS). 
Micro controller 9 drives the gear train 20 (GT) that turns the analog hands 7 of the watch. 
Buttons 8 command the micro controller 9. .To speed up the functioning of the device, there 
is a rectifier- filter 21 (RFl) .j^hose...iQput is connected 4o...a secondary winding of 
.;■ ."s ,.-\' 17 and ,v \. ^ -.ur^Ui is connected to negative electrode of the Geiger-Muller 
counter 16.^ 

[0035] The device lunclions as follows. Micro controller 9 operates all components of the 

device. Micro controller 9 lorms impulses lor operating the switch key 10 of the high- 
voltage translormer, receives and processes pulse pattern coming from the Geiger-Muller 
counter 16, calculates the measured values of minimum effective dose (MED) and effective 
dose £ED), compares measured values of (MED) and (ED) with the predetermined values 
and yields a sound signal to sound ^sij.-;n it li;)'- ^ 12. if ihey exceed the predetermined 
values._ Micro controller 9 aiSLoperates also the , \ , clock, calendar, alarm, carries out 
commands received from control buttons, controls running regime of the liquid-crystal 

I display (3,4,5), and checks condition of power supply units of the device. , 
[0036] To provide functioning of the gas-discharge Geiger-Muller counter 16, there is a 

I transformer ^onyerts^^ low voltage 11=^ into high voltage U=J:OOV^ The converter • 
consists ofi micro controller 9, switch key 10, transformer 17, rectifier with filter 18, 

I threshold device 14. ^ The high v oltage converter is ^ single-ended converter with reverse ,' 
connection of rectifier diode. ^Also, AC currents flow in the winding of transformer. ^ > 
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[0037] Micro controller 9 sends a.control pulse to switch key 10^ When ihc swilch key is 

opened, a_current pulse accumulates energy in :d]e_primary ^oji of the transformer 17. . 
Rectifier diode of the rectifier 18 is locked at that moment. ^ Charge accumulates in 
accordance with the primary coil inductance value, while constant voltage at the detector 
16 is maintained by filter 18 capacitor^ When the switch key 10 is closed, voltage jx>iarit v at 
the secondary winding of tiie transformer changes, and the ^cumulated £hEy^s_passes 
through the r ectifier diode 18 to the load and charges the filter 18 capacitor Thus, 
transmission of energy from power supply to the load is earned out m two steps; each of the 
steps is implemented in separate time-span. ^ 

To stabilize the high voltage level,^ method of invmm^ stabilizatio n was used , i.a. 
an absence of closed output voltage deviation control loop^Its stability is maintained by^ 
indirect parameter actuating path,,^mg_two parameters: parameter {a)~l5y impulse value of 
the reverse motion on the primary winding of the transformer 17 and parameter £b)~by 
change in speed of counting impulses that come from the Geiger-MuUer detector 16^ This 
method pennits 4vIv.L'.v?:.-..:.-.ill^-'^-'dbacl< ciicuit with leakage and to considerably ^xieiid the 
period of functioning of the power supply unit.,, 
[0039] The threshold device 14 is used to control the high voltage level by parameter .(a). 

The threshold device 14 compares impulse value of ihc reverse motion on the primary 
winding ol' the transformer 17 with the threshold value. Micro controller 9 functions as a 
pulse-frequency modulator.,. When the level of the impulse of the reverse motion on the 
primary winding of the transfomier 1 7 X«i]s below the threshold value, the repetition rate of 
switch key control impulses rises... When tlie level of the impulse of the reverse motion on 
the primary winding of the transformer 17 exceeds the threshold value, the repetition rate of 
I switch key control impulses ^aiis. 
[0040] The Geiger-MuUer counter 16 readings are used to regulate the high voltage level by 

parameter {b)._ When micro confroUer 9 receives impulse from the Geiger-MuUer counter 
16, it generates a_confrol impulse for switch key 10^ This path provides stable operation of „ 
the transformer when there are dynamic load changes. , Opeiaiion of the Geiger-Muller ' 
counter causes discharge of the capacitor jndj bucking effect in ihe^counter power supply 
unit^ This demands immediate voltage buildup at capacitor 18 and the m icro controller 9 / 
immediately sends a_control impulse to switch key 10.., 
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[0041] 



[0044] 



[0045 



Impulses j|riL5i\V.^iYed from the Geiger-MuUcr counicr 16j;il !iic pulse lornicr 15., 
. \ >:_.former 15 converts impulses from Geiger-Muller counter mto impulses of the 
required shape so ^to make it possible for micro controller 9 to process them (FIG. 6). , 

A circuit in FIG. 5, of the signal pickup from Geiger-Muller counter 16 anode is used 
for special detectors which provide a wider range of dose intensity measurement^ due to 
reduction of circuit capacitance^ The last i;ircuit can be supplemented with switch key 11 lo 
even jbrther widen the range of the device measurable rates of radiation. ^ 

High voltage control circuit jncludes the m icro controller 9 (MC), switch key 10 
(SK), transformer 17 (TR) and threshold device 14 (TD)._ Switch key 10 (SK) and 
transformer 17 (TR) operate,;iyi circuit of the reverse motion tonsfomer^This fm as , 
follows: during the first stage (forward trac^^j^Uie^micro contoUCT 
; ^ ' , which opens switch key 10^ At the same time, linearly increasing current flows 
lliiough the pnmary wmdmg of the transformer. During the second stage (reverse motion^., 
micro controller 9 senerates a logical zero, . mc switch key 10 closes, current flows 
through the secondaiy windina ol tlie tianslormcr and charges the accumulating ^'aDaciior ol 
the filter 18 (RF). . v c.i;;ii;i- ol the primary windinsj is proportional to,voiiai^e of the filter . 
capacity... Voltase regulator diode ol the threshold device 14 (TD) is closed4;tnsii lae vojxase 
reaches jiperai.ir,-;; value. ir;:ns)sii>i ol the threshold device i -i is closed as well. 

Dunns the reverse motion, micro controller 9 analyses operating condition of the 
threshold device 14 and il the operatin? oiiasK: Das ;;ol reached the required level, the 
^JlGllIS procedure is repeated When durma the ie\eise motion opeiitmg at the 

of the rectifier 1 8 reaches the required level, voltage regulator diode of the tlireshold device 
li opens, a negative polarity pulse is generated on the capture anode of the transistor, and 
^ends signals to uie micro controller 9 to stop the process of pumping ol high. The 
threshold device circuit ^ponsumes energy only during a very short period (about 2 
microseconds) of reverse motion impulse and only after the operating mc ■xaGsss.ior level of 
high ,i3>tSi«£ is reached._ The rest of the time tl^transistor of the threshold device lLis 
closed and power supply energy is not used. ^ 

Automatic control of how often the high ^joija^ is being pumped the ^. 

following way^ Micro controller a_clears thg^ulse counter before the subprogram of high 
^X)jtage pumping starts running._ Then micro controller a_counts how many impulses there , 
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should be in the pulse burst to reach the required operating level ol high^vouaao on llie 
' capacitor of the filtei;J8^ value N exceeds the maximum fixed ]S(fnax,.the 

interval between pulse bursts is shortened, and vice versa, if N doesn't reach >^m, the 
interval is longer._ Finally, an optimal pulse repetition rate is determined, ^wnich permits to 
compensate for leakage in rectifier 18, filter and Geiger-Muller countei;^i6, LhUc energy is 
needed^ Additional subprogram of micro controller aj)ermits to compensate energy loss in 
the accumulating capacity of the filter caused by jreception of gamma-quantum into the 
countei ;. 16. The subprogram is started immediately after detection of impulse fi"om the 
Geiger-Muller counter \6 by the micro controlle];9. 
[0046] A dxcah for signal pickup fi-om the Geiger-MuUer counter 16 (FIG. 5) is used for 

special sensing devices which provide a wider range of dose intensity measurements. 
Switch key 11 serves for compulsory switch-off of the Geiger-MuUer counter 16. ^^icro 
controller 9. by means of the switch key 11. periodically switches on the GC counter 16. 
and switches it off immediately after receiving the signal^ Such pattern pennits to reduce 
the ol" "idle" time and of the recovery time of the countei; lo. "Idle" liniq. iiMCis 

during which one gamma-quantum ionizes m the counter lt\ and it another gamma- 
quantum gets into the counter 1.6. that time, it^oes not produce any changes.^ 
[0047] The result of using the additional switch key 1 1 is that the device can measure dose 

intensity in a wider range. ^. 
[0048|] Rectifier-filter 21 (RFl) lakes j-rcn; from Ihc .secondary winding of the 

transformer.! ? additional ^yosiai^; level which is close lo ihc opcralmsj level and applies it to 
the cathode ot the Geiger-Muller counter (16). This,s;x-cus uv? the process (saves time) of 
switching on and ensures the switch-off of the counter : when the switch key 1 1 is opened. 
Pulses from the Geiger-Muller counter are^ ^ by pulse lormer 15. the laller being a 
fast amplifier cascade with^ common emitter.,. Basic diode of the pulse former 15 transistor 
is shunted by the diode through which the charge of high- voltage rectifier 1 8 capacitor 
flows._ Then the signal fi-om the output of the pulse former ss. received at the counting 
input of the micro controller 
[00491] By means of buttons;^ micro controller 9_.is commanded to display numerical 

information in the section 3 of the face of the watc ^, dispkymg calendar, current time, and 
the accumulated radiation dose.^ 
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[0050] 



[0052|] 

[oos: 

[005^] 
[005f 

loosdi 



The watch can incorporate an infra-red transceiver 13 (IR) which provides 
communication between the ^watch and a coraputer^ In this case when the wearer passes an 
infra-red computer interface, the device connects to the computer and offers information 
\\ ■ the wearer and the current accumulated dose.. 

Research has revealed that the device ensures high accuracy of measurement and the 
functioning period of the device fed by one power supply item is up to one year.^ 

Releva!)t souxces of informatiorj; 

,□.] U.S. Pat. No. 4,733,383, CI. G 04B 47/00, 22 Mar. 1988., 

12] U.S. Pat. No. 5,469,412, CI. G 04B 37/00, 21 Nov. 1995^ 

£3] International application WO 02 /087062A3. CI. H02M j /j O. 31 Oct. 2002. 

^41 Tx:te;-tiational applicaliox: WO 02/ 071586A3. CI. H02M 3/335, 12 Sep. 2002, ^ 
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